
�

 
 
 

 

 
 
� � ���� 

 
 
������ 
��	
��
�����������������

�� !
"#$� %&�'()*+,-./0�1

23���4�567839:4�;<.	
�,-=

>"?@� A.<B C 
D��.EFGHIJKLMN%4OPQRS 1)�T

	��UPQVI/�<����WGHX YZ[\.

]^H�_`.abcdeOG� fghijk"lm

� fg!nopqMN�]^�!r"st��u%v


wxy<z{|}"~��R��eG� �bjk�

�T	���jkVI/�"lm� �Vo��MNJ

I%C 
D��.��fG����.]^o~;N %&��

�jk"lm� v
wxyo��G��u�I��V

uJ!r"r
���G���� �VVu%CD�<

���u%���]^o��� �x� !r.���

��¡�G¢IJ�£� C 
 
	�
��
 
��¤¥¦��	
��
��������� 
�§¨¦12© 
L�¨¦ª2«¬­«®¯ab°E��±²³R  ́
���µ¦12©123¶·¸¹����7839:¹

�º	 
�»¦H18¼10½¾21¼2½ 
 
 

�x� ��¿� 
ÀtÁ�ÂÃ¦1809.9m 
��¦r
�x� ��� �x� ÄÅÆ2470mm 
ÇÈÉÊË¦ÌÍ� stÁ�¦Î·ÏÐÆ1650mm 

 
2.1 ���
�
�ÑÒµ�HÓNÔV�ÕJH��Ö×Ø.ÔÙG�

�ËÚÛÜÝ���Ë�ÞßàáØoâãuJI 4ä

<B ����åæ�C 
çèTUG{ééê�é.ëìoc��{éí�`�

]^oÜîuJI �Voï6NJI 1) C 
 
2.2 ��������������� !"�
�UPQG��Ö×Ø�%IãÙð.ñf�Þßàá

Ø.4ä<]^�`opqMN%C 
���Gò�9ó.ôxõÊÈ./06ó<hijk
"lm� �VopqMN%C 
#��Gò�VH��ö÷����` 0.046mg/L�]
^0.035 mg/L�hiø£ò46ùúû� 
ôxõÊÈüýV4O56!n�þ����Gò��

/���ÂÃ1818m./0869m<B C 
#�	Gò�VH�����fg���úûüý�h

i£ò46ùGkÝ%úû�G�ÕJ�Ö×Ø�Þßàá
Ø���ËÚÛÜÝ���Ë.�Æ0.45¾75�m<`o
ö÷0.059mg/L�]^�0.78mg/LV��jk"lm� 
���.`Ú]^.���opqMN%C 
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Dispersion Prevention Processing Method of Shield Sludge 
with a High Concentration of Eluting Arsenic

5� 6� 7� 891    :� ;� <� =92    >� ?� @� A93   B� C� D� E94 
Makoto Setoyama      Shinya Sekizuka        Toshio Narita         Yoshiharu Itoh 

��	
��
�����������	
���56.!
"#
� 	
�,-��<B C 
�x� ���r
�x� "��uJH��st��<�Ý v
wxyGYZ[\.]^o��jk"lm

� ���<��� �Vo�çuJH�����.!n���	.
ó56��G� ]^.���	"��u

%C��<�����]^o��� !r.�����G¢IJ�£� C 

FG)H)+I� �x� � ] �̂ ���� ��jk 

1. �
Df��� ¤��f��RÙ ¤�����Rµ� � � 2. �
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#��� �JKL�������,M%"�

NOPQR�

ST 
�� UV 

&'W 
(mg/L) 

XPW 
(mg/kg) 

�YZ(mg/L) 

[\*])^� 

_  ̀ ab 

� 

��cde
fgh 2/51 0/51 11/11 0/23 

ijk 0.046 87 0.31 0.01 

l� m 0.029n
0.046 

<5 
n87 

0.01n
0.31 

<0.005
n0.01 

oO��
91 0.01 150 0.01 

pq�� 0.3   

�

� 

��cde
fgh 7/51 0/51 11/11 1/23 

ijk 0.035 15 0.13 0.033 

l� m 0.012n
0.035 

<0.6n
15 

0.014
n0.13 

<0.005
n0.033

oO��
91 0.01 150 0.01 

pq�� 0.3   

#1� ���¦hijk� 
~c�¦fg!n$%�L&'(�)*3 

 
 

 
#�	� �JKL���!"T&'WKL�

��
� ���� 

� �	


�
(mg/L) 

�

(mg/kg) 


�
(mg/L)

�

(mg/kg)

Rtb 
��
��
��
� 

Rtb� ��� 0.046 12 0.021 �5 

1 9.50�
2.00mm �0.005 �5 �0.001 �5 

2 2.00�
0.85mm �0.005 �5 �0.001 �5 

3 0.85�
0.25mm �0.005 �5 �0.001 �5 

4 0.25�
0.075mm �0.005 �5 �0.001 �5 

5 75�
0.45�m 0.059  0.78  

6 �0.45�� �0.005 �5 �0.001 �5 

Gr 
��
��
� 

Gr� ��� 0.029 35 0.012 �5 

1 9.50�
2.00mm �0.005 �5 �0.001 �5 

2 2.00�
0.85mm �0.005 �5 �0.001 �5 

3 0.85�
0.25mm �0.005 7 �0.001 �5 

4 0.25�
0.075mm �0.005 14 �0.001 �5 

5 75�
0.45�m 0.026  0.049  

6 �0.45�� �0.005 �5 �0.001 �5 

Ds 
�� 

Ds� ��� �0.005 87 0.016 15 

1 9.50�
2.00mm �0.005 �5 0.008 �5 

2 2.00�
0.85mm �0.005 �5 0.003 �5 

3 0.85�
0.25mm �0.005 �5 0.003 �5 

4 0.25�
0.075mm �0.005 6 0.004 �5 

5 75�
0.45�m 0.034  0.030  

6 �0.45�� �0.005 25 �0.001 �5 
!"#$ 0.01 150 0.01 150
%&#$ 0.3  0.3
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2.3 12tu�
 
]^Ú`!r�.EF2��T	.3�<B C 
]^Ú`!r��EF2�¦ 
Àt��f� � � � � �   2,084.1� m3 

�   v
wxy�st��f� 2,561.1� m3 
 
v�,M,-12
� 
3.1 V� w�
v
wxy�hijk.704"lm� ]^��o5
6MN�78N9:�a�=��W��LE;<100km
l.;<=>oB��?4ÐÚ;<@A<.��jk"

lm� !n��"�B�VVu%C 

 
3.2 /&034x/&0y.z{ 
Àt��C.r
�]^"DEÊËÐ<���u��

��.!n���	"F �VVu%C���G.Vu

J�H
��G�IJI I�*s��JK*s��y

LxËMoNO6N%o�PQ.���RSËG¢IJ

T0�I�*s�"UVu%C 
 
3.3 12�
 
(1) 1234 
� ��¡�.WXx"��	G�Y�.ÄGZ1[\"

|<��Gò�C 

 

 ��	� -Z12[})�

Àt��f]^Ë 

st��f]^Ë 

�_ 

r
��LE 

 |<��� ~�.�y�����
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(2) ����W.�O 
��`aUG]^Ú`!n�W56ôxõÊÈG�Õ

J�/MN%ú."�IJËõxbcõdeúû�3.4�
"&I�Zf"b&%C��`aC�-�ÞßàáØ.

!n�þVÛá<���pqúû"&Õ%C 
 
3.4 ��)]���\c� 
v
wxy.] Ú̂̀ ~c��hig£ò19ùG� 
~c��56I�*s�<��h.�fe"�i<j 

kl�"m&%CH
��<�I ���M.kl�o

�n2.104"3o�IJI �V56104�"jD
VuJ 204�404�"klu�pq�Zf"m& %
&.���úû"&Õ%C 
(1) c��
�
1) rú  ́
�x� �ÑÙ.�UPQGHIJ]^Ú`.���

oö÷��"òu%-�ÞßàáØ. 18-1 4ós_
18-24ó����åæ�.]^!n4ä<tÊD��u
2kg�"�/u%C 
�UPQV²vGwxÄG���iu%r
"y I

G5Xz75�mT·���ð{üý¦75�m|}~� ú
.18-1¦5.4%�ú.18-2¦7.4%�"Àt��fVu%C 
�Õ%C.r
"zst���1�We�bxDLS�

.��VuJ�I% 5�m.We�bx.APIv
úû
Ä<�mu�rú´�v
wxy�Vu%Cr
.pH�
����~c�"#�vG�Àt��f�v
wxy.

����~c�"#��Gò�C 
 

#�v� ���.-Z.pH�&'W�XPW 
cd 18-1 18-2 

���100ml ��������) 1.178 1.195 
Zf��� Zf¡¢ 25.80% 26.50% 

£¤ 6.56 5.96 

� 
&'Wmg/l 0.012 0.008 

XPWmg/kg 20 20 

�� 
&'Wmg/l 0.02 0.016 
XPWmg/kg 40 31 

 
#��� cd.����&'W�

 ôxõ
ÊÈ 
01 

 ̀ ]  ̂
��

(mg/L) 
~c

�mg/kg� 
��

(mg/L) 
~c

�mg/kg� 

Àt 
��f 

18-1 0.006 �10 0.001 11 

18-2 0.027 �10 0.004 �10 

v
 
wxy 

18-1 0.020 40 0.012 20 

18-2 0.016 31 0.008 20 

 
 

2) ��ÄG 
� ��ÄG��T	.3�<B C 

APIv
úûÄ�5��We�bx��HF�]�ºÉ
xb�
ðF��Ä 
3) ���M 
� ���M��T	.3�<B C 
Ú���M¦I�*s����37%���1.42� 
Ú��M¦êß��25%�¦I�*s��PACG���
	� pH"#
jkGpfM�������o��
V� �h�Gr
"P�� C 
Ú��M¦PAC��õI��������¦I�*s�
A������ýoB oÞ �ýo�I PAC"v

¡MVuJkl� C 
�M.kl�"#�¥Gò�C 

 
#�¥� ����W¦§�

72 
�� 

89:

;<=

8�>?9


@:;A 
�l/l (mg/lB 

C�D ml/l EFG
ml/l 89H PACH 

18-1 

10 501.4
(711.9) 1.7 5 

6.3320 1002.7 
(1423.8) 3.3 5 

40 2005.4 
(2847.6) 4.2 5 

18-2 

10 404.9
(574.9) 2.5 5 

6.6 20 809.8
(1149.8) 3.3 5 

40 1619.4 
(2299.5) 4.2 5 

�

 
(2) c�¨© 
úûüý"#�ªGò�C 
v
wxy.]^~c���b�	¢2�£b�<q

pGb�<j ö����¤¥<BÕ%%&�]^~c

�"b�	¢2VuJZf"¦bu%C§ú..���

����MZf404<b�	¢2¤¥V�Õ%C 
v
wxy.`����hijk.24¨�BÕ%o�
���MZf104<b�	¢2¤¥V�Õ%C 

5��We�bxC.�
� Ú̀]^o4	
hijk

�«0¬­®.��WcW.2¯k 
�r
1õ^Ë�G$� I�*s��©�kl� X mg/l"
m& Fª«� 
fg�75��T	�.]^~c�¦Y mg/kg 
ú.r
h[��¦��¬­®¯°±°K²2� 
��¦a %�³Å-
ðFK²2� 
ú.r
�.]^~c�¦ 

As �́µa/100µY mg/l 
]�¶��"1¦Z V� VI�*s�.kl�X� 

X(mg/l)́ As·75µ56µZµ162.5·56·0.37 
�]^.ð��¦75��.ð��¦56�I�*s�.ð��¦
162.5� 

(̧�l/l)́ ¸·1.42 



�

.1¾24¨�.���o��MN%A.AB o�Zf
V���.¹ºo�»�¼½�¾¿<j�5Õ%C 
Zf�ÀbÁG404�.Zf"��� �VVu%C
K��<.�Ñ�G#�MN r
"���pqúû�

 �V<���M.Zf.ÂÃ"� �VVu%C 
 

#�ª� °Zx±Z²)G.&'W�XPW 

�� 
72 

89
:;
<= 

IJ 
mg/L 

KJLMN 
� �	 

� 
 

�	 
 


� 
mg/L 

�
 
mg/kg 


� 
mg/L 

�
 
mg/kg

18-1 

10 <0.01 <0.01 <0.01 11 0.01 <10 
20 <0.01 <0.01 <0.01 13 0.01 <10 
40 0.01 <0.01 <0.01 11 <0.01 <10 

18-2 

10 0.02 <0.01 <0.01 <10 <0.01 <10 

20 <0.01 <0.01 <0.01 <10 <0.01 <10 

40 0.02 <0.01 <0.01 <10 <0.01 <10 

 
3.5 /&0³´c� 
Ëõxbcõdeúû<��]^.���o�»�Z

f.ÄIG� ���.�ý"�Å<j�5Õ%%&�

Æ»G�404�.Zf"��u%C 
;%�K��<����"&IzÇrÈG#�MN%

v
wxy.���"É
pq� �VVu%�5.6 <
�!r.���=��C 
K��.!n�W<��� r
�-�ÞßàáØ4

äÙð�ÛÚá4äÙð�"�IJ���pqúû"&

I����ý.pq"&Õ%C 
��<��PACGA���.�ýoB �V56PAC
.Ê.����ýV PAC VI�*s�Ë�G� �ý
G¢IJApqu%C 
úû¡���ËõxbcõdeúûV²v.úû¡�

"��u%C 
%Ìu�pH��MG¢IJ��KL�<�êß�"o
ÍÎ�� �Vo=�·ÏÐ�%&�
K�ÑËõ��

"�I%CK��GfÒ�J���pqúû<A
K�

ÑËõ��"�IJúû"KLu%C 
ú.��r
��DEÊË.Àt��ÓC.����

 U.r
56�/u%C 
ú.��APIv
úûÄG 5�mWe�bx"�IJ
Ômu�v
wxyVu%C 
(1) c��
 
1) ú.h[ 
ú..������pH"#�µGò�C 

 
#�µ� -Z.���%"�pH 

�� 
�100ml¬­®Õ¯°±°� 


ð 
�³Å-
ðF� pH 

1.185 26.5% 7.18 
 

2) ��ÄG 
��ÄG��T	.3�<B C 
APIv
úûÄ�5��We�bx��HF�]�ºÉ
xb�
ðF��Ä 
3) ���M 
���M��T	.3�<B C 
���M¦I�*s����37%� ��1.42� 
��M¦
K�ÑËõ�����25% ��1.27� 
��M¦PAC��Mkl��#�¶�·�¸� 
 

#�¶� ����W¦§�

Ö� � ×kl PAC P+F 
I�*s��©kl�

�l/l (mg/l� 0(0) 0(0) 4000 
(5680) 

NaOH 
ml/l 

I�C 0 0 1.5 
PACC 0 1.5 1.5 

PAC ml/l 0 6.54 6.54 


N  ×kl PAC.
Êkl 

PACVI
�kl 

 
(2) c�¨©�
úûüý"#�¹Gò�C 
r
"����Øv
u%v
wxy�ú.1-1�2-1�
�����o`0.12mg/L�0.34 mg/L�]^0.17mg/L�0.22 
mg/L<BÕ%C 
��<��u%]^~c�. 40 4�.I�*s�V

PAC "Ë�u%ú.�1-3�2-3�<�`�]^VAb�
	¢2�0.01mg/L�¤¥V�Õ%C 

PAC .Êklu%ú.�1-2�2-2�<A���u�I
ú..1/10¾1/30¨�.���G�Ù� �Vo<j%C 
 

#�¹� ±Z²)G&'W�

ú. 
Úù Ö� �

v
Û°Ü��� 
4O� ̀ ]  ̂

1-1 ×kl 0.12 0.17 
-�Þß�

àáØ�
1-2 ÝÞß 0.01 0.02 
1-3 Ý+à <0.01 <0.01 
2-1 ×kl 0.34 0.22 

ÛÚá�2-2 ÝÞß 0.01 <0.01 
2-3 Ý+à <0.01 <0.01 

 
;%�-�ÞßàáØVÛÚá.4O.ÄIGºÒ6

Ø²v.����ýoá6N%C 
 
��
���º�-Z/&0»234�

4.1 ¼�³´34�
���u%v
wxyo��jk"¥â� �V"p

quJ<�� %&�
o=�VuJz]^Ú`.��

�ð{"&Õ%Cð{¡���UPQV.�f"/ %

&hiø£ò46ùúûVu%C 
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���.=�¡���ð{ÍWo55 oãxbGä

åhoB £b�<pqu�æ� �VVu%C 
 
4.2 ½
¾.����&'W»2fg[})�
L�Í.]^Ú`���=�ð{WXx"��vGò

�C 
F�ÅçÄºGç�EèÊ"EX�4 
Wtè��G
� ð{"&Õ%C 

��v� ½
¾.����&'W»2fg[})�

 
4.3 ¿O4fg.ÀÁÂ�

1
 1�´.ð{"pKGKL� %&�ð{ÄºG
ç�EèÊ"EXJ�ú.éêë-ìëð{ëí�ëF

�Åçî"öïÍW<��<j ´ðVu%C 
3o�ð{ÄºGú.oñòuJ56-ìuzð{�

 ;<.»WGó0ÍWo�Ý o�É
ab.ÍWô

Gð{o<j �/Gu%C 
 
¥¸½
34�

5.1 ÃÄ���,MÅjÆÇ�
r
��E
56.¤��.!rõö÷
o?4ÐG

�ÓN �V<?4Ðo!nu�I�/G��E
�R

Ê�õxËøù·GE1u�<�úû.ü&ÙðA�S

Wý�Ëþ�Vu%C 
 
5.2 ÈÉÊ.ËÌ³Í�
8�¨��GHIJz��� !ro]^Ú`.��

oq&6N %&zr
.�IG�ð§�� �VV�

RGHIJpq���	.ò�"
SêX%C 
 

5.3 ����W»2�
kl�=��r
���Sd�GklM.=��Sd

�"�Ê�
<&Õ%C 
v
wxy�ÇrÈ"4È��uJ1
1ÈGÇru
Xxdx��Ê� �V<�ð{üýVÇrÈ.v
w

xyoæf<j �/Gu%C 
;%�v
wxy.]^Ú`���"ÇrÈ�VGÉ


=�u%�V<kl�op�<BÕ%5�/5"�b

9:Vu%C 
 
5.4 'Î»2�
�æ�ÇrÈ�VG&I����.üýG�ÕJ��

jk�{|}"~���e.=�jk�T	.v
wx

y�=���ð�G<8u��oÀ��jk"lm� 

v
wxyo��u%�fG�a�=���e�W��

LEG<8� �VVu%C 
 
5.5 ÏÐR12.»2�
� ��e.��s_��Gº� ��Gj�j��R�

�e=�����W�SË�"�IJ=�u%C�

�

5.6 Ñ',-.&'W»2�
(1) ±Z²)G 
���Gò��/G���C.v
wxy��]^Ú

`VA7�¨�ob�	¢2¤¥�0.01mg/L¤¥�V�
Õ%����<�b�	¢2¤¥�0mg/LVuJòu%�C 
%Ìu�]^���ËÚñf<õõ�I���"òu�

`�ÞßàáØ���ËÚñf�-�Ö×Ø<��Á�

I���.2o�6N%C 
(2) ¦Ò12Ó 
��¥Gò�VH��Àt��f������uJI

�Io�÷�ob�	¢2¤¥V�Õ%C�u51�´�
]^� 24�´�`� 9�´ofghijk�0.01mg/L�
"lmu%C 
]^�ÞßàáØ���ËÚñf<�`���ËÚñ

f<���oõõ�I !o�6N%C 
 
ª�Ôx��

6.1 tÕ34 
���.]^o��� �x� !r.!n���	

.%&�H
��<�I6N I�*s�"r
Gkl

u�v
wxy"���� ¡�"��u%C 
r
"���� �V<�Ð.!n��s_�R¨.

"#õS�"�Ùu�!r.��RSËs_��.$K

%S#��"�Ù<j%C 
�

 

&Àt��fÚv
wxy56 1ótÊDõÊÈ

'ð{ú."ð{ÄºG(Z)GJéê�1
*�

+ð{ÄºGJú."-ì�2
*� 

,ð{ÄºGJú."U���3
*� 

-ð{ÄºGJú."ð{zí��4
*� 

.ð{ÄºGJF�Åçî�iÚéê�u 2/WC�



�

6.2 /&012.¨©�
���M.=��zL�U.Zf�¦b"Ëõxbc

õdeúûG�ÕJ&Iz�ÑC.Kr
"�IJ��

�pqúû"KL� �V<����ý"pqu%üý�

0Æ5b.Zf<b�	¢2T	G���� �Vop

qMN%C 
L��GÉ
&ÒN%] «̂`.���=�ð{<��

7 �ofghijk"¥âu�0Æ.*Á�H���j
k"lm� A.��»����.��e.���	o

<j%C 
;%�
o=�<��0Æ�ð{ú.o1
<-ì<
jØ�F�Åçîo�&<j�I�Vo12MN%o�

v
wxy.~
~o�I�VG��3kÁ�-ì4�

<�5J.ú.G¢IJFþ�H�hiø£ò 46 ùú
ûGj�»ð{o<j%C 
 
 

6.3 ¦Ò12Ó�
K��GHIJ�����"&�ÕJI�IÀt��

f��]^�`.����VA��jk�0.03mg/l�"
lm� �V��5Õ%o�]^<�5�¨��`<�
2 �¨�.|fo�fghijk"lmu%%&�=�
��ð�G�ðu%C 
 
µ�Ö�.×Ø 
1) Ëõxbcõdeúû<�!n�W56�/u%ú
.<67!r"�iu��Mkl�"m& úû"úÊ

%o�]^.���o8M»kl�"¦& �Vo<j

Ø����ob�	¢T	G� kl�Vu%C 
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Summary    The maintenance construction of the regional sewer system (Atago mountain area) is the construction of 
the sewer main line which discharges waste water from the sewage plant.  
A sludge shield was applied in the shield construction, and it was discovered that a high concentration of naturally 
occurring arsenic exceeding landfill standards was eluting the dehydrated cakes during secondary treatment. As such, 
dispersion prevention of arsenic caused by construction was considered from the standpoint of preventing the spread of 
contamination to the surrounding area. Here we would like to introduce the immobilization processing of sludge with a 
high concentration of eluting arsenic. 

Key Words : Shield tunnel, Arsenic, Encapsulation, Standard of Waste Management 


